Abstract: Evaluating the impact of climate change on sediment yield has become one of the major topics in climate research. The purpose of this study was to investigate sediment yield contribution to lake volume change under changing climatic conditions in the Central Rift Valley Basin. The ensemble mean of five regional climate models (RCMs) in the coordinated regional climate downscaling experiment (CORDEX)-Africa was considered for the purpose of this study. The climate variables (precipitation, minimum and maximum temperatures) in RCMs were bias corrected against observed data (1985-2016) using linear scaling (LS), power transformation (PT), variance of scaling (VS), and quantile mapping (QM). Two emission scenarios, the Representative Concentration Pathways, RCP4.5 and RCP8.5, were considered for the future scenario period (2041-2070). Better results were obtained when the ensemble values of the bias correction methods were used. Hence, the projected values of climate variables after bias correction were used in the Soil and Water Assessment Tool (SWAT) hydrological model to estimate the sediment yield contribution to lake volume change due to climate change. The results show that the average projected precipitation will decrease by 7.97% and 2.55% under RCP4.5 and RCP8.5, respectively. On average, the maximum temperature will increase by 1.73 • C and 2.36 • C under RCP4.5 and RCP8.5, respectively, while the minimum temperature will increase by 2.16 • C and 3.07 • C under RCP4.5 and RCP8.5, respectively. The average annual sediment yield contributions to Lake Ziway were 431.05 ton/km 2 and 322.82 ton/km 2 for the Meki and Ketar rivers, respectively, in the historical period . The study also reveals that the annual sediment yield that was estimated for the Meki River was 323 ton/km 2 and 382 ton/km 2 under RCP4.5 and under RCP8.5, respectively. The sediment estimations for the Ketar River were 157 ton/km 2 and 211 ton/km 2 under RCP4.5 under RCP8.5, respectively. This will decrease the rate of volume change in Lake Ziway by 38% under RCP4.5 and by 23% under RCP8.5. The results show that the life expectancy of the lake is likely to increase under climate change scenarios. This will help water resources managers make informed decisions regarding the planning, management, and mitigation of the river basins.
Introduction
In any generic watershed, soil erosion in the upper catchments not only removes the fertile and nutrient-rich soils, but also causes sedimentation of the receiving water bodies such as lakes, The projected climate data was used to evaluate the impact of climate change on sediment yield in the lakes. This helps to estimate sediment yield contribution to lake volume or level change due to climate change in order to take necessary measures. The sedimentation of lakes is a major challenge within the Central Rift Valley [20] . For instance, it was reported that sediment deposition contributed to reduction in the level of Lake Ziway in the last three decades [21] . However, no research has been conducted with regard to climate change impact on sediment yield in the Central Rift Valley Basin, Ethiopia. Therefore, this study was conducted to investigate how changes in climate affect the sedimentation of the lake in future scenarios using outputs from regional climate models (RCMs).
To predict and estimate sediment yield within river basins, a number of hydrological models have been developed. Among these models is the Soil and Water Assessment Tool (SWAT), which has shown its robustness worldwide in predicting sediment yield under different catchment characteristics. Studies carried out in different watersheds have shown that the SWAT model can be relied upon in predicting and estimating sediment yield. For instance, an evaluation of the SWAT model in simulating sediment yield in the watershed of Lake Jebba in Nigeria revealed satisfactory performance for streamflow and sediment yield predictions in the watershed [22] . In another study, Duru [2] applied the SWAT model to simulate water balance, stream flow, and sediment yield in the Cubuk I and Cubuk II reservoirs of Turkey, and the model performed well for both streamflow and suspended sediment load estimation. Palazon and Navas [23] also showed that the SWAT model can be used as a useful approach for sediment yield assessment. Ayana et al. [24] examined the applicability of the SWAT model in estimating runoff and sediment yields in the Fincha watershed in Ethiopia. Ayele et al. [25] also used the SWAT model for sediment yield prediction in the Upper Blue Nile Basin. Cousino et al. [15] and Azari et al. [26] have also applied the SWAT model to evaluate the impact of climate change on sediment yield.
Hence, the main objective of this study was to investigate the contribution of sediment yield to lake volume change under changing climatic condition using the SWAT model in the Central Rift Valley Basin.
Materials and Methods

Description of the Study Area
The Central Rift Valley Basin (CRVB) is located between 38 • 15 E and 39 • Locally, the Central Rift Valley Basin is situated in two adjoining regions: namely, the administrative regions of Oromia and the Southern Nations Nationalities and Peoples Region (SNNPR). The mean annual rainfall of the study area varies between 600 mm near the lakes and 1200 mm in the highlands or mountainous areas. The average minimum temperature is 10.5 • C, while the average maximum temperature is 24.3 • C. The basin contains four major lakes, namely: Ziway, Shala, Abiyata, and Langano. It also has perennial rivers, which include: Meki, Ketar, Bulbula and Harakalo. Lake Abiyata is connected to both the Ziway and Langano lakes through the Bulbula and Horakela rivers, respectively. However, Lake Abiyata is more sensitive to the reduced flows of the Bulbula River compared to those of the Horakela River. Within the same basin, the lakes have different characteristics. Lake Shala is the deepest and closed lake, and is highly alkaline, making its water not usable for irrigation purpose [27] . Lake Langano has a relatively stable water level as compared to other lakes in the basin. Among all of the lakes, only Lake Ziway is a freshwater lake. Hence, this study focused more on this lake in the Central Rift Valley Basin. The Central Rift Valley Basin (CRVB) is located between 38°15′ E and 39°30′ E longitude and 7°10′ N and 8°30′ N latitude, as indicated in Figure 1 . It covers an area of approximately 14,477 km 2 . Locally, the Central Rift Valley Basin is situated in two adjoining regions: namely, the administrative regions of Oromia and the Southern Nations Nationalities and Peoples Region (SNNPR). The mean annual rainfall of the study area varies between 600 mm near the lakes and 1200 mm in the highlands or mountainous areas. The average minimum temperature is 10.5 °C, while the average maximum temperature is 24.3 °C. The basin contains four major lakes, namely: Ziway, Shala, Abiyata, and Langano. It also has perennial rivers, which include: Meki, Ketar, Bulbula and Harakalo. Lake Abiyata is connected to both the Ziway and Langano lakes through the Bulbula and Horakela rivers, respectively. However, Lake Abiyata is more sensitive to the reduced flows of the Bulbula River compared to those of the Horakela River. Within the same basin, the lakes have different characteristics. Lake Shala is the deepest and closed lake, and is highly alkaline, making its water not usable for irrigation purpose [27] . Lake Langano has a relatively stable water level as compared to other lakes in the basin. Among all of the lakes, only Lake Ziway is a freshwater lake. Hence, this study focused more on this lake in the Central Rift Valley Basin. Lake Ziway has a catchment of about 7300 km 2 , a lake surface area of 440 km 2 , a lake volume of 1.5 million cubic meter (mcm), and a maximum depth of nine meters. The Meki and Ketar rivers are the two major rivers, contributing an annual streamflow of about 276 mcm and 464 mcm, respectively. According to data obtained from Ministry of Water, Irrigation and Electricity (MWIE), the rate of sediment entering the lake through Meki River is higher than that of the Ketar River.
A study conducted in the Central Rift Valley by Meshasha et al. [28] showed that the rate of soil erosion is increasing over time. The major contributing factors for the high rate of erosion are intense rainfall, steep topography, poor vegetation cover, and anthropogenic factors. Deforestation, steep slope cultivation, the removal of crop residues, and inadequate conservation practices are some of the anthropogenic factors causing the high rate of soil erosion. However, the rate and magnitude of contributions from these factors are not well understood [20] . Moreover, there is no specific study on Lake Ziway has a catchment of about 7300 km 2 , a lake surface area of 440 km 2 , a lake volume of 1.5 million cubic meter (mcm), and a maximum depth of nine meters. The Meki and Ketar rivers are the two major rivers, contributing an annual streamflow of about 276 mcm and 464 mcm, respectively. According to data obtained from Ministry of Water, Irrigation and Electricity (MWIE), the rate of sediment entering the lake through Meki River is higher than that of the Ketar River.
A study conducted in the Central Rift Valley by Meshasha et al. [28] showed that the rate of soil erosion is increasing over time. The major contributing factors for the high rate of erosion are intense rainfall, steep topography, poor vegetation cover, and anthropogenic factors. Deforestation, steep slope cultivation, the removal of crop residues, and inadequate conservation practices are some of the anthropogenic factors causing the high rate of soil erosion. However, the rate and magnitude of contributions from these factors are not well understood [20] . Moreover, there is no specific study on the contributions of climate change to the rate of sedimentation of lakes in the Central Rift Valley Basin.
Data Collection
For modeling purpose using SWAT, input data such as the digital elevation model (DEM), hydrological, meteorological, soil and land-use/cover data, and amount of abstraction in the basin are required. The daily meteorological data collected from 1985 to 2016 include rainfall, minimum temperature, maximum temperature, relative humidity, wind speed, and solar radiation. The daily available streamflow data collected were from 1985 to 2010. All of the required data were obtained from the National Meteorological Agency of Ethiopia, the Ministry of Water, Irrigation, and Electricity, the Oromia Bureau of Water and Energy, the Oromia Water Works Design and Supervision Enterprise (OWWDSE), the Oromia Irrigation Development Authority (OIDA), and the Rift Valley Lakes Basin Authority (RVLBA).
The hydrological and meteorological data collected were checked for their homogeneity, correctness, sufficiency, and completeness. The missing data values were filled using the inverse distance weighing (IDW) method, and then finally used as inputs to the climate and hydrological models.
Land use/cover, soil, and slope are the most important factors that affect soil erosion. Of the total area under study, the agricultural land is the most dominant land use (72.64%), followed by range land (14.65%). About 40% of the study area predominantly consists of the Haplic Luvisols soil type, followed by Vitric Andosols, which accounts for about 13%, and Calcaric Fluvisols being the least dominant soil type, consisting of 0.25% of the total area under study. About 39% of the study area is predominantly with a slope range of 3-8%, while 20% of the area under study has a slope range of 0-3% (20%). This implies that more than 50% of the study area has a slope ranging from 0-8%. Two slope ranges occupy more than 50% of the total.
Climate Models and RCPs Emission Scenarios
The CORDEX (coordinated regional climate downscaling experiment) is supported by the World Climate Research Programme (WCRP) to foster global partnership to generate an ensemble of high-resolution historical and future climate projections at the regional scale. The downscaling in this approach is based on the predictions and climate scenarios in Coupled Model Intercomparison Project Phase 5 (CMIP5) [29] . The purpose of CORDEX-Africa is to promote international downscaling coordination and facilitate easier analysis by scientists and end-user communities at the local level of regional climate changes [30] . Africa is one of the most vulnerable regions to weather and climate variability [31] . Thus, CORDEX-Africa is one of the special concerns of the CORDEX program. The importance of fully exploiting the CORDEX-Africa multi-Global Climate Model (GCM)/multi-RCM ensemble has been strongly emphasized. This helps to assess the climate change signal, and possibly, to identify and quantify the many sources of uncertainty [32] . CORDEX-Africa provides projected climate outputs at a relatively higher spatial resolution (50 km × 50 km).
The present study used five regional climate models (RCMs) with the driving model ICHEC-EC-EARTH under CORDEX-Africa. The models used were: CCLM4-8-17, HIRHAM5, RACMO22T, RCA4, and REMO2009. The future scenario period (2041-2070) and historical/baseline scenario period were considered to evaluate patterns of change in the climate data. The representative concentration pathways (RCPs) scenarios RCP4.5 and RCP8.5 were considered for this study, because CORDEX-Africa prioritizes the RCP4.5 and RCP8.5 scenarios [33] . The RCM climate data outputs in CORDEX-Africa under emission scenarios RCP4.5 and RCP8.5 were bias corrected for application in the SWAT hydrological model, for climate change impact studies in the Central Rift Valley Basin. Bias correction was considered for precipitation, as well as minimum and maximum temperatures. The values of relative humidity, solar radiation, and wind speed in the historical period were used in a future scenario period without making any change, as the change in these values may not have significant impact when modeling climate change scenarios [15] .
Bias Corrections
Bias correction is a statistical method that is used to correct the climate models outputs deviation from observed data. This approach is commonly used to adjust simulated climate data at an appropriate spatial and temporal scale to use in hydrological modeling. There are different methods of bias correction. Linear scaling (LS), power transformation (PT), variance of scaling (VS), and distribution mapping were used for this study [34] [35] [36] [37] [38] . A detailed description of these bias correction methods can also be found in Gadissa et al. [39] .
Linear Scaling
The linear scaling method is the simplest bias correction method; it has been the most widely used approach. The multiplicative correction approach is applied to precipitation. In this case, the ratio of the mean monthly observed precipitation and that of the model is used to scale model data at each time step (Equation (1)). Temperature was corrected by the additive correction approach under linear scaling. The mean monthly difference of the model and observed data was calculated and added to the model data at each time step (Equation (2)).
The linear scaling approach can be defined as:
where P cor is corrected precipitation, P unc is uncorrected precipitation, P obs,ctr and P rcm,ctr are the mean value of observed and simulated precipitation, respectively, and T stands for temperature.
Power Transformation Method
Unlike linear scaling, the power transformation method considers the correction of variance in addition to mean values of observed and model data. It was specifically applied to adjust the precipitation time series due to the use of a power function:
where, P cor is the corrected precipitation, and a and b are the transformation coefficients (parameters).
Variance of Scaling (VoS)
This method is the same as the power transformation (PT) method, but effective to correct the mean and variance of time series temperature data.
where, T Scor is the corrected temperature in the scenario period, T obs is the observed mean, Sd obs and Sd mod are the observed and model standard deviation, respectively, and T mod is the mean temperature value of the model. Currently, quantile mapping (QM) is the most widely accepted bias correction method for impact studies using hydrological models. It is applied by calibrating the simulated cumulative distribution function (CDF) by adding both the mean delta change and the individual delta change in the corresponding quantiles to the observed quantiles. The method is most applicable for precipitation. The precipitation adjustment is expressed in terms of CDF [37] .
where P cor,m,d is corrected precipitation on the dth day of the mth month, ecdf is the empirical cumulative distribution function, and P raw,m,d is the raw precipitation on the dth day of the mth month.
SWAT Model Setup and Data Input
SWAT is a physically-based semi-distributed model [40] . It is computationally efficient in simulating detailed hydrological processes at high spatial resolution by dividing the catchment into hydrological response units (HRUs) based on land use/cover, soil, and slope. SWAT is designed to predict watershed management practices on hydrology, sediment load, and water quality. The hydrology component is based on a water balance equation; surface runoff is computed based on the Soil Conservation Service (SCS) curve number method. Surface runoff can also be computed based on the Green and Ampt method. There are three options to estimate evapotranspiration: the Hargreaves, Priestley-Taylor, and Penmann-Monteith methods. In this study, surface runoff was computed based on the SCS curve number method, and the Penmann-Monteith method was applied to estimate evapotranspiration.
The main inputs for the SWAT model include digital elevation model (DEM), land use/cover data, soil data, and weather data (temperature and precipitation). The SWAT model setup for the assessment of hydrological processes in the Central Rift Valley was described by Desta and Lemma [41] . The model setup begins with watershed delineation and generating streamflow networks from DEM data using ArcSWAT software in the ArcGIS interface. Hydrological response units were defined; sensitivity analysis for parameters was also conducted. Finally, the model was calibrated and validated using the performance evaluation criteria. The simulation results of the SWAT model in the future period was based on the input from the downscaled values of RCM in CORDEX-Africa under different emission scenarios.
The water balance equation used in the SWAT model is:
where SW t is the final soil water content (mm), SW o is the initial soil water content on day i (mm), t is time (days), R is the amount of precipitation on day i (mm), Q surf is the amount of surface runoff on day i (mm), ET is the amount of evapotranspiration on day i (mm), Q perc is the amount of percolation on day i (mm), and Q r is the amount of groundwater flow on day i (mm). The sediment yield from the study area was based on a modified Universal Soil Loss Equation [3] . The equation is given as: Sed = 11.8 Q surf * q peak * A hru 0.56 * K USLE * C USLE * P USLE * LS USLE * CFRG (7) where Sed is the sediment yield on a given day (metric tons), Q surf is the surface runoff (mm/ha), qpeak is the peak runoff rate (m 3 /s), A hru is the area of the HRU (ha), K, C, P, and LS, are the Universal Soil Loss Equation (USLE) soil erodibility, cover and management factor, support practice factor, and topographic factor, respectively, and CFRG is the coarse fragment factor.
SWAT uses a simple mass balance model to simulate the transport of sediment into and out of water bodies. It assumes a mixed system when calculating sediment movement through a water body. This means sediment entering the water body is distributed throughout the volume. The mass balance equation is: sed w = sed w,i + sed fi − sed st − sed fo (8) where sed w is the amount of sediment in the water body at the end of the day (metric tons), sed w,i is the amount of sediment in the water body at the beginning of the day (metric tons), sed fi is the amount of sediment added to the water body with inflow (metric tons), sed st is the amount of sediment removed from the water by settling (metric tons), and sed fo is the amount of sediment transported out of the water body with outflow (metric tons). The detailed procedure is found in Neitsch et al. [42] .
Sensitivity Analysis, Calibration, and Validation of SWAT Model
SWAT-Calibration and Uncertainty Programs (CUP) with the Sequential Uncertainty Fitting (SUFI-2) algorithm [43] was used for parameter optimization. Sensitivity analysis is to check the rate of change in output parameters with respect to the input parameters of the model. The input data to the SWAT model was carefully assessed, and the model was run for 16 years (1985-2000) for calibration purposes. The first three years were considered as the model warm-up period. This helps the model run to reach optimum efficiency, and the simulation in this period was not considered in the result analyses. After repeated calibration, the fitted values of parameters were identified. The simulated streamflow data of 10 years (2001-2010) was used for validation purposes. The fitted parameters were used in SWAT-CUP with SUFI-2 in the validation period. The model performance efficiency was determined by comparing observed against simulated hydrographs.
Two commonly used indicators, namely the coefficient of determination (R 2 ) and Natch-Sutcliffe coefficient of efficiency [44] , were used for calibration and validation of the SWAT model to test the goodness of fit between monthly simulated and observed values. The values of the coefficient of determination (R 2 ) and Nash-Sutcliffe efficiency coefficient (E NS ) ranged from 0 to 1. The performance indicators are calculated as follows:
where, R 2 is the coefficient of determination, O i is the ith observed parameter, O avg is the mean of the observed parameters, S i is the ith simulated parameter, S avg is the mean of model-simulated parameters, and n is the total number of events.
where E NS is the Nash-Sutcliffe efficiency coefficient, O i and S i are the observed and the simulated values, respectively, and Q avg is the average observed values. For the purpose of this study, performance efficiency as recommended by Ayele et al. [25] and Pereira et al. [45] was used. The objective function can be further elaborated quantitatively and qualitatively as: E NS > 0.75 (good); 0.36 < E NS < 0.75 (satisfactory); and E NS < 0.36 (unsatisfactory). For R 2 : 0.7 < R 2 < 1 (very good); 0.6 < R 2 < 0.7 (good); 0.5 < R 2 < 0.6 (satisfactory); and R 2 < 0.5 unsatisfactory.
Hydrology
Sediment Rating Curve Development
Few measurements were conducted for sediment load collected from Ministry of Water, Irrigation, and Electricity (MWIE) with the corresponding streamflow data. The suspended load in milligram per liter was converted to tons/day as follows:
where, Q s is suspended sediment (ton/day), Q f is streamflow (m 3 /s), and S is the suspended sediment load (mg/L).
Since the sediment measurement in the basin is less, a rating curve was developed to estimate sediment yield from flow measurement. Suspended sediment rating curves for the Meki and Ketar rivers are described by graphs of suspended sediment load versus discharge (Figure 2 ). Curve fitting for the regression model was made using the power function. 
Lake Volume Change Due to Sedimentation
Sediment yield contributions to Lake Ziway through the Meki and Ketar rivers were determined from the SWAT model. The suspended sediment load in tons were converted to storage volume considering the density of 1.2 g/m 3 and a correction factor of 1.3 to account for the non-linearity relation of streamflow and suspended sediment on a monthly basis instead of daily basis [27] . The trap efficiency curve developed by Brune [46] considering the correlation of reservoir capacity and inflow ratio [47, 48] was adopted for this study. Accordingly, the trap efficiency of 98% was considered to estimate the volume of deposition. The storage capacity of the lake was estimated from the elevation-volume relations developed from a bathymetric survey conducted in 2005/6 by the Ministry of Water, Irrigation, and Electricity. Accordingly, the trap efficiency of 98% was considered to estimate the volume of deposition.
Results and Discussion
Climate Change Projection of Ensemble RCMs Outputs
The relative annual changes in terms of precipitation, as well as maximum and minimum temperature, were assessed for all of the grid points (Figure 3 ) in the study area ( Table 1 The equations developed from the suspended sediment rating curves for the Meki and Ketar rivers were as follows:
Q sk = 9.1164 × Q k 1.6751 (13) where, Q sm and Q sk are suspended sediment for the Meki and Ketar rivers (ton/day), respectively, Q m is the Meki streamflow (m 3 /s), and Q k is the Ketar streamflow (m 3 /s).
Lake Volume Change Due to Sedimentation
Results and Discussion
Climate Change Projection of Ensemble RCMs Outputs
The relative annual changes in terms of precipitation, as well as maximum and minimum temperature, were assessed for all of the grid points (Figure 3 ) in the study area ( Table 1 ). The ensemble mean of five models was used to assess the climate change in future scenarios (2041-2070) with respect to the base/historical period (1985-2016) under RCP4.5 and RCP 8.5. The average values of the different bias correction methods (linear scaling, power transformation, variance of scaling, and distribution mapping) were applied [39] . Accordingly, precipitation change will vary from −11.71% under RCP4.5 to 1.70% under RCP8.5. Overall, the results indicated that precipitation values will decrease on average by 7.78% under RCP4.5 and 2.33% under RCP8.5 in the study area. The results also indicate that all of the values of maximum temperature will increase from 1.61 • C under RCP4.5 to 2.57 • C under RCP8.5. The results show that the minimum temperature increased from 1.91 • C under RCP4.5 to 3.94 • C under RCP8.5. The study conducted by Lijalem et al. [49] on climate change impact on Lake Ziway watershed water availability also showed an increase in average monthly maximum temperature up to 3.6 • C and minimum temperature up to 4.2 • C under a special report on emission scenarios (SRES) in the period from 2001-2099. The precipitation showed variable changes for different seasons.
The decreases in precipitation, maximum temperature, and minimum temperature amounts are statistically significant at the 5% significance level (p < 0.05). The result is consistent with the studies of different scholars [13, 50] . According to Alamou et al. [13] , the annual precipitation of West Africa will decrease under RCP4. The decreases in precipitation, maximum temperature, and minimum temperature amounts are statistically significant at the 5% significance level (p < 0.05). The result is consistent with the studies of different scholars [13, 50] . According to Alamou et al. [13] , the annual precipitation of West Africa will decrease under RCP4.5 for the period 2041-2070 as compared to the reference period (1981-2010).
Assessment of SWAT Model Performance Efficiency
The parameters that optimize SWAT model performance for calibration and validation were identified by running the model several times to match the observed and simulated variables. 
The parameters that optimize SWAT model performance for calibration and validation were identified by running the model several times to match the observed and simulated variables. Thirteen parameters that are sensitive to streamflow [39] and four parameters that are sensitive to sediment load, and their rankings, are given in Tables 2 and 3 . The SCS runoff curve number (R__CN2) was the most sensitive parameter to streamflow for both the Meki and Ketar rivers. After model calibration and validation were done for streamflow using SWAT-CUP-SUFI2, parameters that were sensitive to sediment load were selected. The linear re-entrainment parameter for channel sediment routing (SPCON) was the most sensitive parameter to sediment yield for the Meki and Ketar rivers.
The calibration results showed a fairly good agreement between the observed and simulated monthly streamflow, with E NS and R 2 values of 0.60 and 0.62, respectively, for the Meki River, and 0.61 and 0.61 respectively for the Ketar River. The validation results also showed a good agreement, with E NS and R 2 values of 0.54 and 0.60 respectively for the Meki River, and 0.57 and 0.58 respectively for the Ketar River. The calibration and validation of the SWAT model for sediment yield are illustrated in Figures 4-7 for the Meki and Ketar rivers. The results showed a good agreement between the observed and simulation values for calibration and validation periods, with R 2 and E NS indicated in Table 4 . According to Pereira et al. [45] , the model performance for sediment yield estimation was in the satisfactory range. The model performance efficiency for the calibration and validation periods was lower for the Ketar River as compared to the Meki River. This might be due to the scarcity and uncertainty of the collected data. The efficiency results of the SWAT model in this study showed similarity with other studies in different parts of the world in simulating sediment yield. A study by Adem et al. [51] in the Upper Gilgel Abay of the Blue Nile Basin in Ethiopia showed similar efficiency values of SWAT model calibration and validation for sediment yield estimation. Ayana et al. [24] examined the applicability of SWAT in estimating runoff and sediment yields in the Fincha watershed in Ethiopia. It was concluded that the SWAT model performed well in predicting flow and yield in a given watershed. Similar results were reported by Ayele et al. [25] in the Upper Blue Nile Basin. Gathagu et al. [52] used the SWAT model in the Thika-Chania catchment in Kenya to evaluate soil and conservation practices to control sediment yield, and found satisfactory results. Licciardello et al. [53] also evaluated the SWAT model in simulating sediment deposition in a Sicilian reservoir by comparing with different bathymetric measurements. The study revealed that there is a higher efficiency coefficient between sedimentation volume simulated by the SWAT model and that obtained from bathymetric measurements. The finding of this study in the historical period showed an underestimation of sediment yield as compared to values in a study conducted by Meshasha et al. [20] in the same area. Meshasha et al. [20] estimated a sediment yield of 611 ton/km 2 for the Meki River and 494 ton/km 2 for the Ketar River. Similar values have been used in different studies, such as Rift Valley Master Plan [27] for the Central Rift Valley Basin.
The finding of this study in the historical period showed an underestimation of sediment yield as compared to values in a study conducted by Meshasha et al. [20] The finding of this study in the historical period showed an underestimation of sediment yield as compared to values in a study conducted by Meshasha et al. [20] 
Effect of Climate Change on Lake Sedimentation
The average annual sediment yield contributions to Lake Ziway were 431.05 ton/km 2 and 322.82 ton/km 2 for the Meki and Ketar rivers, respectively, in the historical period . The average annual sediment yield showed a decreasing pattern in the future climate scenario as compared to the historical period (Table 5 ). The average percentage decrease in sediment yield ranged from 11.3 under RCP8.5 for the Meki River to 51.5 under RCP4.5 for the Ketar River. This might be related to a decrease in streamflow in the future scenario period (2041-2070), which in turn was related to a decrease in the precipitation amount. The projected climate data outputs from the ensemble mean of regional climate models (RCMs) in our study show that precipitation will decrease, while the minimum and maximum temperature will increase, as described in Section 3.1. The increase in temperature is further associated with an increase in evapotranspiration. Thus, the combined effects of decrease in precipitation and increase in temperature in the future period might cause a reduction in streamflow. It has also been shown that there is a significant relationship between streamflow and sediment yield with a coefficient of determination (R 2 ) of 0.9. Hence, the result implies that the reduction in sediment yield in the future period is associated with the reduction in streamflow, which is associated with different climate factors. 
The average annual sediment yield contributions to Lake Ziway were 431.05 ton/km 2 and 322.82 ton/km 2 for the Meki and Ketar rivers, respectively, in the historical period . The average annual sediment yield showed a decreasing pattern in the future climate scenario as compared to the historical period ( Table 5 ). The average percentage decrease in sediment yield ranged from 11.3 under RCP8.5 for the Meki River to 51.5 under RCP4.5 for the Ketar River. This might be related to a decrease in streamflow in the future scenario period (2041-2070), which in turn was related to a decrease in the precipitation amount. The projected climate data outputs from the ensemble mean of regional climate models (RCMs) in our study show that precipitation will decrease, while the minimum and maximum temperature will increase, as described in Section 3.1. The increase in temperature is further associated with an increase in evapotranspiration. Thus, the combined effects of decrease in precipitation and increase in temperature in the future period might cause a reduction in streamflow. It has also been shown that there is a significant relationship between streamflow and sediment yield with a coefficient of determination (R 2 ) of 0.9. Hence, the result implies that the reduction in sediment yield in the future period is associated with the reduction in streamflow, which is associated with different climate factors. It has been revealed in a study conducted by Adem et al. [51] in the Upper Gilgel Abay of the Blue Nile Basin in Ethiopia that sediment yield was related to a change in climate variables and thus to streamflow. The variation in the values of sediment yield due to streamflow change that resulted from climate change has also been reported by many scholars [12, 17, 26, 54, 55] . In a similar study, average annual sediment loads generally decreased in response to climate change by 23.5% and 3.3% under RCP4.5 and RCP8.5, respectively in the mid-century (2046-2065) [15] . Li et al. [56] predicted the annual rate of decrease in water and sediment discharges mainly controlled by climate variability. Rodríguez-Blanco et al. [17] also showed that suspended sediment is generally expected to decrease in 2031-2060 by 11%, and in 2069-2098 by 8%, as compared to the baseline period . This was mainly due to decreased streamflow in response to climate change. Figures 8 and 9 depict that there will a decrease in the average monthly sediment yield for both rivers under both scenarios during the rainy season (July, August, and September) in the scenario period (2041-2070) as compared to the historical period .
from climate change has also been reported by many scholars [12, 17, 26, 54, 55] . In a similar study, average annual sediment loads generally decreased in response to climate change by 23.5% and 3.3% under RCP4.5 and RCP8.5, respectively in the mid-century (2046-2065) [15] . Li et al. [56] predicted the annual rate of decrease in water and sediment discharges mainly controlled by climate variability. Rodríguez-Blanco et al. [17] also showed that suspended sediment is generally expected to decrease in 2031-2060 by 11%, and in 2069-2098 by 8%, as compared to the baseline period . This was mainly due to decreased streamflow in response to climate change. Figures 8 and 9 depict that there will a decrease in the average monthly sediment yield for both rivers under both scenarios during the rainy season (July, August, and September) in the scenario period (2041-2070) as compared to the historical period . The estimated sediment yield in ton/year was changed to volume basis using a reservoir trap efficiency [29] from climate change has also been reported by many scholars [12, 17, 26, 54, 55] . In a similar study, average annual sediment loads generally decreased in response to climate change by 23.5% and 3.3% under RCP4.5 and RCP8.5, respectively in the mid-century (2046-2065) [15] . Li et al. [56] predicted the annual rate of decrease in water and sediment discharges mainly controlled by climate variability. Rodríguez-Blanco et al. [17] also showed that suspended sediment is generally expected to decrease in 2031-2060 by 11%, and in 2069-2098 by 8%, as compared to the baseline period . This was mainly due to decreased streamflow in response to climate change. Figures 8 and 9 depict that there will a decrease in the average monthly sediment yield for both rivers under both scenarios during the rainy season (July, August, and September) in the scenario period (2041-2070) as compared to the historical period . The estimated sediment yield in ton/year was changed to volume basis using a reservoir trap efficiency [29] The estimated sediment yield in ton/year was changed to volume basis using a reservoir trap efficiency [29] of 98% for Lake Ziway to estimate the volume change from sedimentation under climate change. Elevation-volume values developed from a bathymetric survey conducted by the Ministry of Water, Irrigation and Electricity in 2005/2006 was used to estimate the lake's capacity. The average annual sediment volume entering Lake Ziway in the historical period (1985-2010) was 2.25 million cubic meters (MCM). The volume will be 1.38 MCM and 1.72 MCM in the scenario period (2041-2070) under RCP4.5 and RCP8.5, respectively. The results revealed that there would be a decrease in the rate of lake volume change by 38% and 23% under RCP4.5 and RCP8.5, respectively, due to sedimentation under changing climatic conditions in the scenario period (2041-2070) as compared to the historical period (1985-2010).
Conclusions
This paper investigated the effect of climate change on sediment yield contribution to volume change of Lake Ziway in the Central Rift Valley Basin (Ethiopia). Regional climate models (RCMs) in CORDEX-Africa were applied for this investigation. The five RCMs with driving model ICHEC-EC-EARTH under CORDEX-Africa that were used for this study were CCLM4-8-17, HIRHAM5, RACMO22T, RCA4, and REMO2009. The study reveals that there will be a decrease in the precipitation values for all of the grid points in the scenario period (2041-2070) as compared to the historical period (1985-2010) under RCP4.5. However, it showed an increasing trend for some grid points and decreasing trend for others under RCP8.5. The results show that the maximum and minimum temperature will increase under both scenarios, RCP4.5 and RCP8.5. The model response to climate change indicated a decrease in streamflow during the peak period in the scenario period (2044-2070) as compared to the historical period (1985-2010) under RCP4.5 and RCP8.5 emission scenarios. However, the trend will slightly increase during the off-peak period. The projected climate variables were used in the SWAT model to estimate the sediment yield contribution to Lake Ziway volume change. The performance of the SWAT model to predict sediment yield was in the satisfactory range. The results show that climate change will affect the sedimentation rate, so that the rate of annual volume change will be reduced by 38% and 23% under RCP4.5 and RCP8.5, respectively, in the scenario period (2041-2070) as compared to the historical period .
This study is the first approach to evaluate the effect of climate change on sediment yield in the Central Rift Valley Basin. The findings of this study indicate that the life expectancy of the lake will relatively increase under climate change. This may be helpful for planning and implementing sediment management strategies in the basin and similar areas. It also increases understanding of future implications of potential climate change impacts on sedimentation of Lake Ziway for effective management. Land use in this study was assumed to remain the same in the future. Hence, further research is recommended to study the combined effect of climate change and land use on sediment yield, which in turn affects the volume of Lake Ziway. 
